Ⅰ. Introduction
Various therapeutic approaches are being introduced to increase the upper extremity (UE) function of stroke patients. General exercise therapy includes range of motion exercise, strength exercise, and aerobic exercise (Platz et al., 2005) . The therapies based on the theory of brain plasticity and reeducation of the nervous system include constraint induced movement therapy, neuro muscular electrical stimulation, action observation, mirror therapy, and mental practice (Mangold et al., 2009 ).
The mental practice is a therapeutic method of training just by thinking about the assessment that is given without direct movement or stimulation of the outside (Jackson et al., 2004) . According to the study of Deutsch and Newell (2004) There are a variety of objective evaluation methods on mobility of hand and UE, but lately there have been attempts of a kinetic and analytic study by means of 3D motion analysis and electromyogram (Yoo et al., 2005) .
Electromyogram is a method which is used in a number of studies (Jun, 2011; Kim and Kang, 2013; Oh, 2015) , detecting the electronic activity of skeletal muscles, a change in electric potential that follows innervation due to spontaneous tension and contraction of skeletal muscles after the reflection and voluntary movement (Hwang, 2006) .
The measurement data at electromyogram are used to analyze the quantity and pattern of muscle activity (Ma and Trombly, 2004) . Therefore, this study makes verification through detailed analysis about the qualitative change of UE function by using muscle activity analysis equipment as well as FMA such as a clinical measurement.
Ⅱ. Methods

Experimental design and Participants
This study was composed in one group pre-post test 
Intervention
Generally, mental practice refers to the training method of imagining while listening to the explanation of assessment movement (Dickstein, 2004) . The non-paralysis movement was imagined first in the external aspect and then the movement of the paralysis part was imagined.
Then the sense information to feel during the movement of non-paralysis part was imagined, and then the subject imagined the movement information that was the same in the paralysis part.
Mental practice was executed once a day, 5 times for 4 weeks, and total of 20 times for 200 minutes. The content of the mental practice was composed with 3 activities that can be approached in daily life. The 3 activities include:
1) bringing plastic cup that is on the table, 2) taking out small book from the drawer, and 3) wiping the desk with a towel.
Outcome Measure
1) Fugl-Meyer assessment of motor function (FMA)
FMA was used that evaluates the damage level and function level of stroke patients. This was used to evaluate the UE function of subjects in this study (Fugl-Meyer et al., 1975) . This assessment criterion is classified into motor function, balance, sense, range of motion, and pain. Holding cup in the original posture was set as stage 1, putting town the cup and going back to the original spot was set as stage 2. The assessment was performed 3 times in total for before and after the experiment and the average value was used. The measured muscle activity signal was analyzed by using room mean square (RMS) method.
In addition, CCR (Co-contraction ratio) value was calculated based on RMS value measured before and after the intervention to analyze the coordination ability and improvement movement during the activity. The CCR value is calculated as the RMS value of antagonistic muscle on the RMS value of agonistic muscle, which is measured in the movement of designated sections of the activity.
Also, the reduced CCR value after the intervention means an improved coordination and softer movement (Busse et al., 2005) . The formula to calculate the CCR value is as follows (Fig. 1.) .
Co-contraction ratio = RMS of antagonist RMS of agonist Fig. 1 . The calculation of co-contraction ratio
Statistical Analysis
The statistical analysis of this study used PASW 18.0 and Excel program.
Descriptive statistics was used to analyze the general characteristics of subjects, and paired samples t-test was used to measure the changes in the UE functions before and after the intervention. The CCR value through muscle activity was calculated using the Excel program.
Ⅲ. Results
Comparison of upper extremity function between pre and post-test
According to the comparison of upper extremity functions before and after the intervention, the UE functions had a significant improvement (p<.05) as the total points of FMA (U/E) increased from 41.50±12.39 to 48.70±11.03.
There were significant improvements respectively in all detailed items investigated (p<.05) ( 
Ⅳ. Discussion
This research analyzed the changes of Fugl-Meyer Assessment and the changes of muscle activity before and after intervention to observe the improvement of upper extremity functions. This research has a significant change in all areas of upper extremity that were observed, which corresponded to the results of research that previously applied mental practice to improve upper extremity functions (Page et al., 2001; Page et al., 2007) . Many other studies that applied the mental practice on stroke patients and verified its effectiveness through Fugl-Meyer Assessment had the same result (Kim et al., 2010 ).
According to the previous studies that applied mental practice on existing stroke patients, most tools to evaluate the measurement could not exclude the subjectivity of therapist although they were used by trained evaluators to assess the UE movement qualitatively (Kim et al., 2010; Barclay-Goddard et al., 2011) . To measure the muscle activity of specific muscles during the actual patients' UE movement, it used BTS Free EMG 300 (BTS Free EMG 300, BTS, Italy), a wireless surface EMG. With this tool the evaluators measured the patients' movement of putting a plastic cup on a place that was far away as one's arm length, reaching hands to grab it and putting it down, while seated on the table. Anterior deltoid, posterior deltoid, biceps brachii, and triceps brachii, which were suggested as the appropriate muscles by study of Molteni et al. (2008) , were selected to measure the stroke patients' upper extremity functions.
Data was collected over two phases: the first phase was grabbing the cup from the original position, and the second phase was putting the cup down and returning to the original position. The CCR (Co-contraction ratio) value of subjects before and after the intervention was measured to verify the coordination capability and qualitative movement of stroke patients' upper extremity functions through the actual mental practice. In the mental practice group, the patients had a negative change in the first phase, reaching activity as there was a positive value of 14.2% for shoulder movement after intervention, while there was a bit of positive change after the intervention as the change of elbow movement had a negative value of -1.1%. As for the CCR value when returning to the original position after reaching arms in the second phase, the subjects' shoulder (-12.3%) and elbow (-18.2%) movement had negative values of change after the intervention, indicating that there was a positive change.
Such results corresponded to the results of Cha et al.
(2015)'s research, which was a case study that applied mental practice on the existing stroke patients to improve their UE functions and measured their muscle activity. In this study all three participating subjects had an increase in muscle activity, and the changes of CCR value were -24.7%, -34.9%, and -21.3 after intervention, showing that mental practice improved the coordination capability of the stroke patients' UE functions and their movement more qualitatively. This supports many study results that mentioned stroke patients' UE functions through mental practice, although they did not performed measurement and analysis through the existing muscle activity (Kim et al., 2010; Barclay-Goddard et al., 2011) .
The limitations of this research are as follows. First, it was difficult to directly compare with many other study results due to the insufficient amount of studies that applied mental practice and measured muscle activity to improve the UE functions of stroke patients. In addition, this research could not check the direct changes of brain because it did not use a brain imaging technique such as fMRI or PET, and lacked a bit in the verification of effectiveness depending on the level of UE functions of patients when applying mental practice. Also, it was difficult to generalize the results of this research because it was a single-group pretest-posttest study without a control group. This study will be more meaningful in the clinical setting of domestic occupational therapy if it improves these limitations in the future.
Ⅴ. Conclusion
The objective of this research is to verify the effectiveness of mental practice in an objective manner.
In conclusion, this research confirmed that the mental practice is effective for the enhancement of UE function for stroke patients. The result of this research can contribute to the progress of mental practice in Korean clinical environment. Further researches on developing more versatile programs in a form of mental practice would be necessary to expand this research.
